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Integration
A focus on processing science is needed to create predictor maps to illustrate graphically the interdependence of materials, processing, manufacturing, performance, and cost. In addition, process models for representing thermodynamic and kinetic considerations need to be developed and integrated with realistic expert systems. Research is required to develop process modeling tools that relate processing conditions to materials characteristics and materials characteristics to materials properties and product quality. This research must yield a common modeling basis that can be exploited by simulations of disparate physical phenomena in order to arrive at better models of complex (fluid/heat) flow. The key to the success of this research is microstructural modeling and improved descriptions of microstructure. In a scientific climate that is marked by discontinuity between observation and theory, it is critical to extract maximum understanding from observed system behavior. Such is the case for materials processing, where data are extracted continuously from processing operations. It is clear that this expanding body of information can only be exploited through the use of expert systems.
Education and Training
Educational goals in materials processing and manufacturing science must be reformulated at both the undergraduate and graduate levels. The current lack of emphasis on fundamental processing principles and their relevance to the manufacture of products presents a problem over virtually the entire spectrum of AEMs, from composites to multilayer materials to electronic materials and beyond. A new focus on processing is needed, taught in one or more course sequences, to couple expanded knowledge bases in solid- and liquid-state diffusion, reaction kinetics, fluid flow, and other essential areas to a set of systematic manufacturing-oriented processing principles and practices that apply over a range of AEMs.
An alternative, or perhaps complementary, approach is the development of teaching factories. These joint ventures by academe, industry, and government would provide facilities for realistic materials manufacturing and processing experiments, which would undoubtedly lead to improved simulators, models, and controllers. The goal of this type of program would be to inculcate in students and practitioners the intellectual elements of an interdisciplinary manufacturing environment sufficient to educate them